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We report the observation of a large 1/f noise in the ferromagnetic insulating state (FMI) of a
hole doped manganite single crystal of La0.80Ca0.20MnO3 which manifests hopping conductivity in
presence of a Coulomb gap. The temperature dependent noise magnitude shows a deep within the
FMI state, there is a sharp freeze out of the noise magnitude with temperature on cooling. As the
material enters the FMI state, the noise becomes non-Gaussian as seen through probability density
function and second spectra. It is proposed to arise from charge fluctuations in a correlated glassy
phase of the polaronic carriers which develop in these systems as reported in recent simulation
studies.
PACS numbers: 71.30.+h, 71.27.+a, 72.70.+m
Electronic transport through localized states in dis-
ordered and correlated electronic systems has been a
topic of considerable interest[1, 2]. In such systems,
long range Coulomb interaction can lead to opening-up
of a soft gap in the density of states (referred to as
Coulomb gap, ∆CG) and hopping conduction in pres-
ence of such a gap[3]. Another consequence is emer-
gence of “glassy” slow relaxations of charge carriers aris-
ing from a large number of low-lying states separated by
barriers[4]. Such a glassy state can lead to enhanced low
frequency (f) non-Gaussian resistance noise (typically
with power spectrum varying as 1/f) arising from charge
fluctuations[5, 6]. These issues in a Coulomb glass have
been reviewed recently[2]. The experimental investiga-
tions on these questions are few and were carried out only
in the doped semiconductors with electron density close
to the critical concentration (nC) for metal-insulator
(MI) transition[7, 8] or in 2DEG in MOSFET’s[9]. Here,
we focus on the issue of non-Gaussian low frequency noise
in the Coulomb glass state of a very different material,
namely the low hole-doped rare-earth manganites which
can have a ferromagnetic insulating (FMI) state below a
certain temperature (T ). In these systems, the Coulomb
glass phase occurs for the localized polaronic carriers (in
sharp contrast to doped semiconductors) which arise due
to strong electron-phonon coupling arising from Jahn-
Teller distortion around the Mn3+ ions.
The FMI state of hole doped manganites
(La1−xCaxMnO3) arises when hole concentration x
in LaMnO3 exceeds the critical concentration for
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ferromagnetism x ≈ 0.15 yet it is smaller than the
concentration needed for the formation of the metallic
ground state x ≥ xC = 0.22. Existence of a Coulomb
glass behavior in the FMI state has been inferred from
certain transport experiments[10, 11] and also predicted
theoretically recently[12]. The FMI state in manganite is
unique[13]. We observe a large low frequency resistance
fluctuations (noise) with non-trivial T dependence in
the FMI state and the noise becomes non-Gaussian at
temperatures below the onset of the insulating state. At
low T well below the transition to the insulating state
the noise shows a sharp fall on cooling. We propose
below that the large noise as well as its T dependence
arise from charge fluctuations due to special nature of
carriers in it.
We have done investigation of the low frequency resis-
tance noise (f <10Hz) in single crystal of the manganite,
La0.80Ca0.20MnO3 (LCMO20), grown by floating-zone
technique[14]. For comparison and as a reference system,
we have also measured the resistance noise in high qual-
ity single crystal of La0.67Ca0.33MnO3 (LCMO33) which
shows a low resistance ferromagnetic metallic (FMM)
state. The resistance noise in such a metallic system,
as we will show below, is very low and this establishes
the noise floor. (Note: The noise experiments on sin-
gle crystals allow us to avoid extraneous influences com-
ing from structural defects[15] which may mask the noise
from some of the intrinsic effects like the one being in-
vestigated here.) The noise measurements were carried
out on low current biased samples (with evaporated con-
tact pads) using a 5-probe technique[16] followed by a
series of digital signal processing techniques[17]. A com-
plete set of time series of voltage jumps (|∆V|) at each
T (stabilized to within ±1mK) consists of 5×106 data
2FIG. 1: (Color online) Variation of ρ (left ordinate) and scaled
noise amplitude β (right ordinate) as a function of T for
LCMO20 and LCMO33. The TC for both samples and TFMI
for LCMO20 are marked. Inset shows lnρ vs T−1/2 plot for
LCMO20 for T ≤ TFMI
.
points or more have been used to obtain the power spec-
tral density SV (f), the second spectrum (defined later
on) as well as the probability density function (PDF)
(probability P (|∆V|) for occurrence of the voltage jump
|∆V|). The last two quantities give measure of the non-
Gaussian component (NGC) of the fluctuations. The
data are taken for 40K≤ T ≤ 300K. Below 40K the re-
sistivity of the material becomes very large for a reliable
noise measurement and no heating effect are seen.
In Fig. 1 we plot the T dependence of the resistiv-
ity ρ(T ) for LCMO20 along with LCMO33 for compar-
ison. For LCMO20, a paramagnetic-ferromagnetic tran-
sition occurs at T = TC ≃ 185K with a shallow peak
in ρ(T ). (The onset of ferromagnetism has been also es-
tablished independently through separate magnetic mea-
surements.) Both samples show an activated transport
above TC . However, LCMO33 has a stable metallic phase
for T < TC . For LCMO20, below TC , the temperature
dependence is shallow over a limited range followed by
an upturn at T = TFMI ≃ 120K as the material enters
FMI state. There exist a mixed phase region with FMM
phase for TFMI < T < TC . In the low temperature phase
(T ≤ TFMI), ρ(T ) is an insulator that follows Efros-
Shklovskii variable range hopping (ESVRH) relation ρ =
ρ0exp(T0/T )
1/2 (see inset of Fig. 1). T0 is related to the
localization length ξ=2.8e2/(4πǫ0ǫ1kBT0) where ǫ1 is the
dielectric constant. The T dependence of ρ(T ) points to-
wards the existence of a soft gap in the density of states
characterized by the Coulomb gap ∆CG[1]. From fitted
data we obtain ρ0 =7.96× 10
−6Ohm-cm.K−1/2 and T0 =
2.68×104K. Using T0, we obtain a localization length ξ ≈
2A˚, which is of the order of half the unit cell, indicating
strong localization of the polaronic carriers.
Specific heat measurements in these materials at low
FIG. 2: (Color online) The normalized spectral power
SV (f)/V
2 are shown at few representative temperatures as
a function of f . Inset shows the variation of α with T .
T show a linear term indicating a finite density of
states (N(EF )) at the Fermi-level through localized
states[10, 11]. Using N(EF ) from the experimentally ob-
served linear term, we obtained ∆CG ≈ 150 meV, us-
ing the relation ∆CG=e
3N(EF )
1/2/(4πǫ0ǫ1)
3/2[1]. ∆CG
is much larger than in semiconductors which is much
smaller than 10meV [2]. The large ∆CG is a direct conse-
quence of large charge carrier density in these materials
which is much larger than the critical concentration for
MI transition in doped semiconductors.
In Fig. 1 we also plot the relative variance of the
resistance noise, β = Ω<(∆R)
2>
R2 , as a function of
T . The normalized variance < (∆R)2 > /R2 ≡
(1/V 2)
∫ fmax
fmin
SV (f)df (Ω is the experimental volume of
the sample). (A related quantity, Hooge’s parameter[18]
may be unreliable in this context because an exact knowl-
edge of the charge carrier density in LCMO20 is un-
certain.) β of LCMO33 and LCMO20 differ quantita-
tively as well as qualitatively reflecting the difference
in the basic electronic nature of the two below TC , one
with a FMM ground state and other with a FMI ground
state below TC respectively. The magnitude of β for the
LCMO33 sets the lower bound of the noise that is ex-
pected from structural defects. In the region close to
TC noise has a magnetic origin[15]. The large noise in
LCMO20, as we will discuss below, arises from fluctua-
tions that have non-structural origin.
The normalized spectral power SV (f)/V
2 are shown at
few representative T as a function of a f in Fig. 2. The
spectral power has a 1/fα dependence with α very close
to 1, although a small but interesting variation in the
exponent α can be seen close to TFMI as shown in inset
of Fig. 2. For T > TC , α ≥ 1 and α ≤ 1 in the FMI state.
This is unlike the observation in doped semiconductors
close to the MI boundary[8] where α ≥ 1.
The T dependence of the spectral power, presented
as f.SV (f)/V
2, at some representative f from 0.06 Hz
to 10Hz are shown in Fig. 3. Since SV (f) ∼ 1/f ,
3FIG. 3: (Color online) f.SV (f)/V
2 as a function of T for
few representative f from 0.06 Hz to 10Hz. (a) Variation of
SV (f)/V
2 with T for f = 0.06 Hz showing shallow peak at
T = TP (< TFMI) (see text). (b) Arrhenius plot along with
the best fit curve of Ea ≃160meV.
f.SV (f)/V
2 collapses into almost a single graph for all
f over most of the temperature region. Data presented
here are limited for T ≤ TC which is the primary focus
of this paper. Below TC , SV (f) shows a gradual rise till
a shallow peak at T = TP (< TFMI). TP varies approxi-
mately from 75K to 90K depending on the measuring f .
TP shifts to higher value with higher f following an Ar-
rhenius relation: f = f0exp(−Ea/kBTP ) where f0 ∼ 10
9
sec−1. Inset in Fig. 3 shows the Arrhenius plot which
gives the best fit value of Ea ≃160 meV.
In Fig. 3, below TP , the noise power goes down
very sharply with T following a power law dependence
f.SV (f)/V
2 ∝ T−γ , where γ is f independent and is
≈ 8-9. Fit to the power law is shown as a solid line.
The strong T dependence of the spectral power in the
regime of activated hopping that occurs below TFMI has
not been seen before in manganites. Interestingly, such
a sharp drop in SV (f) at low T has been seen in some of
the doped semiconductors in hopping regime. In bulk 3D
systems, there are only two detailed studies on T depen-
dence of noise spectral power in the hopping regime[7, 8].
Very close to the critical concentration of MI transition
where the carrier concentration, n/nc ≥ 0.95, the mag-
nitude of the noise diverges as T is reduced[8]. However,
somewhat away from the critical region, (n/nc ≈ 0.8),
the observed behavior is opposite and the spectral power
falls as T decreases. The fall of the spectral power be-
low TFMI thus has similarity with that found in doped
semiconductors with carrier concentrations < 0.85[7].
In manganites, the electronic states for T < TFMI are
expected to be correlated with the development of glassy
property according to recent simulation studies[12]. Ex-
istence of such correlated state will lead to NGC in the
resistance noise in such systems[5]. We have investigated
the development of such NGC in the fluctuation using
two tests, namely, the direct method of the PDF and
FIG. 4: (Color online) PDF (P (|∆V|)) as a function of
(|∆V|)2 at few representative T . Inset shows time series of
the data at 40K for sample as well as for the background for
comparison. The background, as can be seen is, has much
less power.
also the more sensitive second spectrum method. Fig. 4
shows the PDF, plotted as lnP (|∆V|) vs (|∆V|)
2
, for
some representative T . Example of the observed time
series is shown in the inset of Fig. 4 at 40K. In this
plot, a straight line will signify a Gaussian PDF. For
T > TFMI, the PDF has a Gaussian behavior. As T is
cooled below TFMI , strong deviation from the Gaussian
behavior shows up as a long tail for larger values of |∆V|.
It is marked for data at T = 40K. This is a direct proof
of the appearance of the NGC in the FMI state.
The development of NGC can also be seen from
normalized second spectrum estimated from the rela-
tion S
(2)
N (f) = S
(2)(f)/[
∫ fH
fL
SV (f)/V
2]2. S(2)(f) =
∫∞
0
〈∆v2(t)∆v2(t + τ)〉Cos(2πfτ) has been calculated
within a chosen f band (fL=1Hz, fH=3Hz). For a Gaus-
sian fluctuation S
(2)
N (f) is unity and its deviation from
unity is a measure of non Gaussian fluctuations[19]. In
Fig. 5 we plot S
(2)
N (f) at few representative T . It can be
seen that at lower T (and f < 0.2Hz) there is a strong
deviation from unity. The observed NGC at low f can be
expected if there is a built-up of correlated charge fluc-
tuation with long relaxation times. We take this as a
signature of entry into a correlated glassy phase[20]. Our
experiment shows that in the FMI state the fluctuation
can be large till it freezes at lower T << TFMI and the
fluctuation has a good non-Gaussian contribution, par-
ticularly at low f .
We discuss qualitatively the reason for large noise in
the FMI state using a recent model[13] which states that
there are two types of carriers in manganites, namely,
the localized polaronic carriers (referred as l) and band
type delocalized carriers (referred as b). The simula-
tions based on this model[12] show that the presence
of large Coulomb interaction (long range) and disorder
(arising from dopant atoms) in doped manganites like
LCMO20 can lead to a phase separation in which con-
4FIG. 5: (Color online) Normalized second spectra for different
T . The calculated Gaussian background is plotted as well.
ducting l carrier majority phase is dispersed with is-
lands of nanoscopic puddles of b phase. The hopping
conduction occurs in the majority phase (l phase) that
percolates through the sample and develops the classi-
cal Coulomb glass regime at low T . For FMM phase
(LCMO33) the b states are occupied and make the ma-
jority phase and contribution of l type carriers to trans-
port is negligible. We propose that while the hopping
conduction occurs in the l phase, b states will be ther-
mally occupied and will lead to exchange of carriers be-
tween the percolating l matrix and b islands leading to
large charge fluctuations. If the size of such a polaronic
cluster that makes the main backbone of conduction is
Nl and the variance in fluctuations is < (δNl)
2 >, then
SV (f)/V
2 =< (δNl)
2 > /N2l . Since both the quantities
in numerator and denominator have independent T de-
pendences, the resulting T dependence of SV (f)/V
2 will
be decided by the relative strengths. Generally, Nl is
expected to grow with T with a power law [20] and to
reach a saturation at higher T . < (δNl)
2 > is expected
to reflect the charge exchange between the b and l regions
as well as that between infinite clusters (that is the back
bone of conduction) and small clusters within the pola-
ronic glass phase. Below TFMI , as the nanoscopic inho-
mogeneity develops and the b puddles separate out from
the l matrix, the b-l exchange freezes out. Also the prob-
ability of polaronic hopping (that occurs in the Coulomb
glass phase of l carriers) becomes exponentially small at
lower T . These two lead to a rapid drop in < (δNl)
2 >.
In this temperature range though Nl will also decrease,
but the < (δNl)
2 > can have a much stronger dependence
leading to sharp drop of the spectral power. The gradual
rise of the noise on cooling below TC reflects the growth
of < (δNl)
2 > because the b puddles can be occupied
and can exchange charges with l phase and also Nl will
decrease with T . The Arrhenius dependence of f and TP
also reflect this activated nature of the fluctuation.
The observed large NGC can develop due to two rea-
sons. First the coulomb glass phase of polaronic l car-
riers can lead to non-Gaussian fluctuations[20]. Sec-
ond, the nanoscopic phase separation can lead to non-
Gaussianity due to the mechanism of random distribu-
tion of current[21]. Both the sources for non-Gaussianity
can contribute in tandem due to the nature of the phases
present and the transport through them and their rela-
tive contributions will also be T dependent.
In conclusion, the investigation of noise spectroscopy
strongly suggests the existence of slow correlated motion
of charge carriers in FMI state. The results presented
here which have not been observed before add a new
insight into the FMI state of manganites. The results
establish that the FMI state (where the carriers are pre-
dominantly polaronic) is a correlated glassy phase, which
till now has been found experimentally only in doped
semiconductors close to the critical composition of MI
transition, MOSFET or in oxides like InxOy[22]. It has
been proposed that the temperature dependent relative
contributions of the two mechanisms like the nanoscopic
phase separation and the glassy response in the polaronic
type carriers in LCMO20 can lead to large charge fluctu-
ations leading to large noise with substantial NGC.
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